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INTRODUCTION

The performance of any smokeless propellant used in cannon artil-
lery depends to a great extent upon the total moisture content of the
propeilant grains. Since all smokeless propellants are hygroscopic to
some degree, various packaging methods have “een adopted in order to
. allow the user to hold to the old maxim of "keeping the powder dry."

, The accepted practice tor the bagged propellant used in separate loading
' ammunition has been to transport and store the propeliant until needed
in reusable, sealed metal containers.

| The propellant containers presently utilized are tested for any
| leaks that could possibly admit moisture immediately after fabrication,
and again immediata2ly after being loaded. However, there does not
exist a definite testing specification for the leak test after loading
and the specification for the leak test after manufacture is worded
broadly and is non-specific in regard to any leakage rate or equivalent
leakage hole size. As & result, the present testing methods are capabie
of detecting only gross leakage and do not provide an adequate measure
of1%he containers' ability to exclude moisture from reaching the pro-
pellant.

To rectify this situation, a study was conducted to:

1. Establish the relationship between leak rate and equivalent hole
size for the various containers.

2. Measure the actual le ... rate on a large sample size of each
container used to establish the upper limit of the leakage rate for
inclusion in a realistic testing specification.

3. Determine the availability and identify manufacturers of leak

rate detection equipment that is applicable for use on automated LAP
lines.

This report documents the efforts and results of these tasks.
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THEORETICAL LEAK RATE PREDICTION

Previous theoretical and experimental work has been done in the
field of relating geometric configuration to flow and pressur? differ-
ences. One facet of this work, based on 5he findings of HALL', was re-
ported by Slawsky, Schmidlin, and Lutzky.¢ Their work showed that the
performance of a fixed-orifice pneumatic component under given operating
conditions could be predicted to within five percent accuracy by
consideration of only the orifice upstream conditions and a numerical
parameter defined as the flow factor.

Fxtensive theoretical and experimental studies have shown that

%h)l = 2F ‘\/ r (1-r) (1)

and
9. ;\/4_ F 1_2
(Puz AV (2)
and \
%) V& s G G, (3)
u
3
where
Q = Volumetric flow rate
Py = Absolute upstream pressure (PSIA)
F = Flow factor
r = The ratio of absolute downstream to absolute

upstream pressure (Pd/Pu)
1,2,3 = Subscripts tkhit denote the upper, lower, and average
expected values respectively

If the flow rate and pressures are either known or specified, the
previous equations may be soived for the expected values of the flow
factor as follows:

/P )
F1 = -ﬁ-—u—: (4)
2°\Vr(l-r)

(rp,)

F, (5)

b TSP
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The flow factor for a yiven set of conditions can usually be

obtained by actual measurements of flow. If the leakage path in the
container is considered as a short duct whose diameter is small compared

(6)

i
;i to the diameters of the channels it connects, then the following ex-
g pression may be used to calculate the flow factor:
l
. F = 16.5A (7)
\ H
o where A is the cross sectional area of the leakage path, in square
. inches.
Assuming a circular cross sectional area for the leakage path results
in the equation:
F o= 130° (8)
where D is the diameter of the leakage path.
' Using this expression in Equations 4 to 6 and solving for the
diameter yields:
' (Q/P )
0f s — (9)
26 Yr(1-r)
o 2 (Q/Pu)
e b2 = ‘ (10)
I : 4
. 13W/tj 1or?
; %: 3
¥ ‘ (asp)
¥ 0f = s (11)
', \/?
L 13V = Vr(1-r)(3-r)
i R
‘ %aa \ Equations 9, 10, and 11 illustrate that if the leakage rate is known
{ o or specified in some manner, the hole diameter repres~ntative of that
& leakage rate can be bounded.
2 %i Considering the perfect gas law as applied to the containers:
e ppV = my RT P,V = m, RT (12)
3




so that

¥ (py = Pp ) V= (m -m) RT (13)

Iy

{i or

| (py-p, )V

“ (my-m,) = 17z (14)

; RT
|
5\ Since (m1 - m,) is the mass loss in pounds mass, we must convert this to
L‘ standard cubig feet by multiplying by the factor RT/pa so that

(my-m)e = A2y (15)
| ) — = —1P27 (16)
(my Pa Pa

Since this is the volume of gas lost through the leak it is equivalent
to the volumetric flow rate, Q, multiplied by the time duration, A t,
over which the pressure change (p1 - p2) takes place. This Teads to

et = (mpomy) o = 2102 (a7
. at = (my-m,) — 7 ———— 17
1727 py Pa
or
-p,)V V ap
—.(_ELB_%—-_ =-—.—t— (]8)
Py8 Py &
where V = Volume of gas in container (cubic feet)
AP = Pressure change
[ p, = Absolute pressure (14.7 PSI)
' At - Time interval during the pressure change (minutes)
"Using the results uf Equation 18 in Equations 9 to 11 and
also noting that :
‘ P, = Pi * P, (19)
{ | where P, is the internal pressure in the container, the equations for

determining hole diameters become

L I EE-— M
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2 V ap 1 1
Dl = e —
Pa A% (P5*Pa) 26 V¥ (1or) (20)
o V Ap 1

2. e A
2 pAtMp)”'V ,——— (21)

2 V ap
3

Z em— v

1 1

For testing purposes it is easier tu measure volume in cubic inches

and time in seconds with the

Py ) 13'\/%"\/r(1-r)(3-r) (22)

result that the equaticns become

60 ap 1 1
g = v — ’
1728 at p, (P.+p,) 56 VA (23)
, 60 ap 1
D2 = vV —
¢ 1728 atp (Ptp,) 13\/‘_‘/‘—‘ (24)
2 60 Ap 1 1
D3 = V— (25)

where:

V = Free volume in
Ap/At = Pressure decay
p. = Absolute pressu

1728 at p,(Pytp,) 13‘\/— r(1-r) (3-r)

the container (in3)
rate (1b/1n3/sec)
re (14.7 1b/in’)

P. = Container internal pressure (1b/in3)

r = katio of downstream to upstream absolute pressures
{-T’d/Pl| , dimensionless)
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LABORATORY TESTING

In order to validate the results predicted by the theory, a serias
of tests were conducted utilizing an empty M19A2 container. The
laboratory test arrangement is shown in Figure 1.

For testing, the propellant rontainer was hal?y filled with water.
This was done based on results ¢f earlier testing which indicated
that the average ullage volume in a Toaded container was approximately
50 percent of the container's total volume. The container was connected
to a pressure source by utilizing tne threaded hole tor the container
vent plug. A valve was included in the 1ine to the pressure source
to isolate the container during the leak rate testing. A direct read-
ing pressure gage was connected as shown to give a gross indication of
container pressure and a Pace-Wianco pressure transducer drivinyg a
Hewlett-Packard model 70058 X-Y recorder was included to cbtain the
pressure-time decay curve. For more precise pressure determination, an
Ashcroft Digigage Model BCD0O-500 digital water manometer was included
as shown. Leakage paths were simulated by venting the container to the
atmosphere by means of a vent line emplioying incrementally variable

orifices. A valve was included in the vent 1ine to start and stop the
leak test. The test procedure was as follows:

1 An orifice of known value was connected *o0 the vent Tine, and
the vent line valve was closed.

2. The pressurization valve was cpened and the container was
brought to a specific pressure.

3. The pressurization valve was then closed and the container
pressure was allowed to stabilize.

4. At the end of the stabilization period, the pressure indicated

by the water manometer was marked adjasznt to the pen lucation on the
X-Y recorder.

5. The vent iine valve was then opered to allow the container %o
experience a simulated leak at the same time {he X-Y recorder time

sweep was activated tc provide a graphical record of the container
pressure as a function of time.

6. At the end of the test, the vent line valve was closed and

the test sequence repeated for a new orifice size or a new initial
container pressure.

Figure 2 presents the results of the laboratery testing for four
initial container pressures and simuluted leakage holes from 150 to
750 micrometers (0.006 to 0.30 inches) in diameter. The plotted curves
were based upon Equation 20, and represent the upper bound on the

e oot < e s g e
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(PSI/SEC)

PRESSURE DECAY RATE ( x ©.89 xPa/SEC)

THEORY

22,96 xPa (2 2 PSIG)
34,47 kPa (5 PSIG) —1‘1
0. 100 »
/5

15,79 kPa (2 PSIG)
— 6.89 «Pa (1 PSIR)

L
//%‘

TEST DATA

+
® - 7.89 xFa (1 PSIG)

@ - 13.75 kPa (2 PSIG)

@®-- 22.06 xPa (3.2 PSIG) /‘/J

A — 34,47 xPa (S P3i6)

0.010 & -

(W)} -J ------- L/

0.0n} 0.010

LEAVAGE HOLE SIZL (« 7.5 MICRCMETERS)  (YNruE™

Figure 2.

Laboratory Tast Results for the MI9A2 Containe: -
50% Ullage Volume -
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leakage rate as predicted by theory. As can be seen, there is a high
degree of agreement between the test data and the values predicted by

the theory with the exception of the data points representing small leakage
hola sizes at the higher pressures.

This anomaly could be explained in one of two ways:

1. Leakage paths existed in the test equipment and were not
apparert at the lower test pressures, or

2. Additional leakage paths were being created in the container
seal at the higher pressures.

To test which of the two postulates was in fact true, the container
was repliaced by a stainless steel Hoke sampling cylinder which was

known to exhibit no jeakage. The remainder of the test equipment was
unchanged. .

_ Figure 3 presents the results of testing with the Hoke sampling
cylinder utilizing an initial pressure of 34.5 kPa (5.0 PSIG) and
the same family of orifices as used with the M19A2 container. The results
clearly indicate that the test arrangement by itself did not introduce

any ungxpected leakage paths, so that the first postulated cause can be
ignored.

The additional leakage paths therefore were being produced in the
container 1id seal and can k. explained as follows: at relatively high
internal pressure, the net force appblied to the inner surface of the
container 1id is sufficient to cause the 1id seal to lose part of its
sealing efficiency and allow some leakage to occur around the periphery
of the 1id. This condition is more evident {or the smaller orifice
sizes because the container internal pressure remains at the relatively
high pressure condition for a longer period of time. At the larger
orifice sizes, the container's internal pressure drops sufficiently fast
to cause the additional leakage produced by the 1id to be a second
order effect not readily observable during the conduct of the test.

It was therefore concluded that the developed theory was sufficiently
accurate for predicting leakage hole size based on observed leakage rate
provided the container test pressure did not exceed approximately
27.6 kPa (4.0 psig). '

The Leakage Rate Curves

Equations 23 and 24 can be solved for the pressure/time decay
rate and yield

Ap 1
(— )= 748.8 — 0% p, (Pyp,) Vr(l-r) (26)
At v ' '

u

-




(PS1/3ED)

FILL PRESSURE = 34.47 «Pa (5 PSIG)

VOLUME = 2347.9 cc

(143,28 18

0.010 <

PRESSURE DECAY RATE ( x 6.89 xPa/SEC)

THEORY

0.100

©0.001

0.010

LEAKAGE HOLE SIZE (x 2.5 MICROMETERS)

2,040

Figure 3. Laboratory Test Results for Hoke Sampling Cylinder
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At

Ap
(=) =432.320%p (p,4p) V1-r2 (27)
2 v a‘i'a
u

It can be seen that the pressure decay rate varies with the effective
leakage hole diameter, the container's initial pressure, and the ullage
volume present in the container. If we now define a new variable, a , as

. Ap
a=v (‘—),
U''at

we eliminate any variance with respect to container ullage vnlume and

we have o as a function of only the initial container pressure and
the leakage hole size, so that

ay = 748.8 0% p_ (Py+p,) Vr(i-r) (29)

2
az = 432.3 0° p_ (P,+p,) Vi-r2 (30)

Figures 4 and 5 show the variation of the quantities o) and ay: as
a function of effective leakage hole size for container initial pressures
between 6.9 and 34.5 kPa (1 and 5 psig).

(28)

These curves can ta utilized in the following ways:

1. Given the maximum permissible leakage hole for a container,
one would enter the abscissa of Figures 4 or 5 and read up to the in-
tersection with the curves for the desired test pressure. The correspond-
ing values of a ; and.a 2 could then be read off of the ordinate scale.
Dividing these va]ues by the container ullage volume would then yield
the limits of permissible leakage rate for that container, or '

2. Using the leakage rate determined from testing a container, one
would multiply the leakage rate by the contaimer's ullage volume and
enter the ordinate of Figure 4 or 5 with this value. One would then
read across to the intersection of this value with the two curves
representing the actual container test pressure, and then read the

F]
corresponding values from the abscissa to obtain the size range of the %
effective leakage hole. N

Ullage volume for either the loaded or unloaded container can
be accurately determined by employing the method used by Goes3.

11
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( x 113 kPa - cc/sec)
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100 1 0.01

O i e = -

0.01

10 0.1 0.000

l L 0.0001
0.001

! LEAKAGE HOLE SIZE(x25000 micrometers) (inches)

L Figure 4. Leakage Factor curves for 6.89, 2C.68, and 34.47 kPa
(1, 3, and 5 PSIG)
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Figure 5. Leakage Factor Curves for 13.79 and 27.58 kPa
(2 and 4 PSIG)
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LOADED CONTAINER TESTING
Background

As a result of previous work and the current efforts on leak
determination in propellant charge containers, sufficient information
was available to determine leakage rates or equivalent hole sizes by
the method of pressure decay per unit time.

The problem which remained was the specificotion of a practical

leakage rate as a standard for testing propellant charge containers
from a manutacturing standpoint.

It was suggested that,by measuring the leakage rates or equivalent
hole sizes in standard loaded propellant charge containers which had
previously been deemed acceptable at a LAP facility, a maximum
acceptable leakage rate could be determined.

The contairer testing was comprised of three specific operations.
First the ullage volume within each container was determined, next the

pressure decay leak test was performed, and finally the 1id torque was
checked.

Testing Equipment and Test Sequence

Figure 6 illustrates the test equipment arrangement used for the
ullage volume determination and leak testing. The instrumentation
consisted of an Ashcro®t Digital Water Manometer (0.-500 in. differential),
a Himmelstein Digital Pressure Decay Leak Tester, a pneumatic control
box, a reference container and the necessary pneumatic supply and control
lines connecting these items together and to the container test probe
shown in Figure 7. Figures 8 and 9 present in mo detail the arrangenent
of the control hox and reference container and th. functions located
on the control box, respectively. The control box was used for regulat-
ing pneumetic power to the valve controls and the test probe clamping
cvlinder, and also for pressurizing the reference container. Pneumatic
power was provided by a shop air system that was capable ¢f de’ivering
551.6 kFa (80 psic) and was connected to the control box by & quick
disconnect coupling. The test probe was attachea to the container

being tested by means of the clamp anc clamping cylinder shown in
rigure 7. :

For clarity in following the testing sequence. Figure 10 presents
the test arrangement in schematic form. The detailed test procedure
was as follows:

1. Recurd container type, lot, and charge.

2. Turn all valves on tne control box OFF.

3. Connect pneumatic power to the control box.

PRI Y
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\ DIGITAL WATER MANOMETER ~
| (0-500 IN. DIFFERENTIAL)
i
‘ . PRESSURE DECAY LEAK
! TEST INSTRUMENTATION
> S
! REFERENCE CONTATNER]
-, CPARGING VALVE
‘ . Cat \ K. e e . i .
. q ’ .m““ Iﬂm' ‘o
: & — R . LN ' \
et, B . AT 1 i : : :&
. Baaemum ; nSR R CONTROL _BOX
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Figure 6. Test Equipment Arrangement at Aberdeen Proving Ground
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1.
12.

13.

. 14,
15.

16.
17.
18.

19.

20.
21.
22.

Turn on pneumatic power.
Adjust supply and contral regulators.
Push clamping cylinder release valve (V3).

Turn on power'to the clamping cylinder.

Open reference container charging valve.

Charge ref:rence container to 17.2 to 41 kPa
(2.5 to 6 psig), then close charging valve.

Number sequentially containers to he tested.

Reset all instrumentation.

Open supply valve (V1) and record the pressure after it
has stabilized as Pl.

Position test probe over the vert plug hole and clamp
the test probe in place by actuating the clamping valve (V4),

Open the container valve (V2),

Allow the pressure to stabilize then record the pressure
as P2.

Close the supply valve (V1).
Start the leak test instrumentation.

While the leak test is in progress (100 second duration)
the following must be accomplished:

A. Charge the reference container,

B. Replace the vent plug on the previousiy tested container.

C. Remove the vent plua from the next container to be
tested.

D.

Check the 1id torque on the previously tested container.

When the leak test is cumpleted record the pressure re-
maining in the container as P3.

Close the container valve (V2).

Release the test probe by'actuating th2 release valve (V3).

Return to Step 11, above,and repeat the sequence for the
next container to be tested.
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The dats necessary for the determination of the container ullage
volure was obtained in steps 12 through 15 above. Since the test
arrangement represents a closed system we can use Boyle's Law to

determine the ullage volume. Noting that Boyle's Law can be expressed as -

PV = PV, (31)

for the conditions represented by the described test arrangement , we have
Py (V#V ) = Py (Vp + V| + V) (32)
where P] = Pressure at the start of the ullage volume test.
P2 = Pressure at the end of the ullage volume test.

VR = Yolume of the reference container.

VL = Volume of the line connecting the reference and test
containers. ”

Vu = {"1Tage volume in the container under test.

Solving Equation 32 for the ullage volume and rearranging the terms
we have

) (2L
L ( 5; - 1) (33)

vu—(vr+v
The reference volume used in the testing was an empty M19A2 propellant
charge container for which the volume had been determined to be 1377
cubic inches. The volume of the connecting 1ine was also determined in
the laboratory and was found to be less than 1% of the total system
volume. Due to this minimal effect, the volume of the interconnecting

1ine was ignored during the ullage volume caiculations, and Equation
33 reduced to

u_ Cr P, (34)

A stabilization period was included in the test sequence and was re-
quired prior to the recording of any system pressurc in order to minimize
the introduction of errors due to the adiabatic heating/~ocling caused by

the pressurization or de-pressurizatior of the various volumes in the
test arrangement.

The pressure transducer availeple for use with the Himmelstein leak
detection equipment had a range of 0.0 to 344.7 kPa (0-50 psig) and had
a sensitivity of ¥ 0.34 kPa (¥ 0.05 psig). Early in the course of
iaboratory testing a comparison of the readings obtained from the
Himmalstein equipment with those obtained from a watzr manometer
indicated that the pressure trarsducer was riot sufficiently sensitive
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for measuring the small leakage rates encountered. Since there was
insufficient time prior to the testing scheduled at APG for the purchase
of a more sensitive transducer, the Himmelstein equipment was used wniy
as a reference, and the readings from the water manometer were used

for the leakage rate/hole size calculations.

During the course of the loaded cortainer testing, a container
exhibiting a large leakage rate which also did not meet the minir
required 1id torque of 2.6 kg-m (225 in-1b) was retested afier th
container 1id was re-torqued to within specification to determine if
the leakaje was caused by the 1id seal or the centainer.

Results of Testing

A total of 351 containers of various sizes and lots were tested
at Aberdeen Proving Ground during the period of March 1979. The data
cbtained from these tests are presented in Figure 11 organized by lot
rumber, propeliant charge, anda container type. The columns used in
the ¢igure are identified as follows:

ID - An arbitrarily assigned identification numter
TORQ - The container iid torque in inch-pounds

P1 - Auxiliary container pressure at the start of the ullage volume
test in inches of water.

P2 - Auxiliary container pressure at the end of the ullage volume
test/container pressure at the start of the leakage test in
inches of water.

P3 - Container pressure at the end of the leakage test in inches
of water.

‘hese data were then utilized as the input vo the computer program
.She.. in Figure 12, which calculated the container ullage volume, the
effective leakage hole size and the statistical summaries for each
container type, lot, and charge combination. Tables 1 through I3 present
the results of the computer runs for each container type, lot and charge
combination. Tables 10 and 11 present the combined data reyardless of
container 1ot for ail the M14A2 containers with M3 charges and the PA66
containers with M138tE1 charges, respectively.

During the conduct of the test, 17 containers exhibiied no
measurable lid torque and were not included in the previous statistical
sumrary. The lids on these containers were re-torgqued to within
specification and then tested. The results of this test are presented
in Table 12. Contairer ID #3 exhibited gross leakage. This condition
couid nct be corracted by re-torquing the 1id and the container was
omitted from further testing. Container 1D #12 did not have a sealing
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3-” 2600 llc.b Ofer Ul e
3-’9 300. lfb.d (LA o U,‘j.‘.
Ja4l 351, 1290 017 Ul
3“-’ 820. 15‘0.‘3 ”"‘Q‘) U’L).J
34% 300. llq.u N AVIR) Vilvg e
. 347 300, 1199 07re0 U1].9
1 349 341, 12Ul 012,34 UllLl
391 230, 1¢€3.¢ Nivsol V3.3
I
i
\ Figure 11. (Con't) Raw
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dle rou, LdcdeY
3l LU, luwae?
3o ¢to, 1 3bec
3is 20V0, 1137/
3cu 2i>o, lig.o
32¢ 3UU, lfeb
324 351, 11lev
dJree co6L, 1990
dcH 2o, 1219
33U 24V, ligeuy
33¢ l9v, 11/7e>
334 JYHu, llYen
346 240, lJBeD
330 Vv, 122eV
340 c3v, 123.08
s34/ 30vu, 11847/
J4a oV, Lilau
346 Zou, liaso
Jan 23V, liaqesv
39V Jdlv, 113.0
Il cou, 1 3,
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U71.1
VT4,Yy

0713.1
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UMl en
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(VX oY o I
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UnU,e !
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07b.0

V73.4
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071.0
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UlceHd
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G770
Udlew
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(92«8
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Test Data from Loaded Container Testing
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PROLERM TR INFLY «GUTFLT »TRRPES «TRFEA=LU TRPUT )

DIMENCION (D100 e TORCTIOL Y «PL O P21 000 oFP3C100) «
AVLIL TN 9t 100 D00

TTV=n,

TTR=0,

TTh=n,

1TO=0

ITU=n

TIVZ=1n.

TTAz=0.

TThR2=02,

=

RERDCS 1> 1

FERD(S 2> MeXLDOTE o XLOTZ »CHMRGE sCONTY
IFCEDF (5S> 10,20

DO 20 I=1sHse

RERD(S 3> IDCI. "ORCIDsPLICTI 2 sF2CIIsFIC(I D,
+IDCIHIISTORCI+L, L1CTI+1)yP2(I4+1D2 PR I+1
TV=0.

TTRA=0.

Th=n.

IQEAN=1

IUERR=1}

Tv2=n.

T}Z=0.

TD2=11.

ng 40 I=1.p

VOLICI»=viRICIY<P2CIMI~1 0¥l
VIILF=YULICI ) 1738,

P1{IX=FR(1>-27.632

PR2CIN=P2(] » 727 .69

PRI I3=P3CT 0727 oH%2
QACLa=CCPRCLI~PIC] 1 yde ,AOVYILILF Y~ 157 . 686k
R=14 . F/7(PR7Ix+14 7>
NE=C(QUINARP2CIIHIA . F¥ (10  4435¢SQFT RO |  ~F 103 -RX))
Dl v=SQ@QFTCL3)

TY=TW4+WULTI D

T@=TQ+R<1>

YR=TD+DCD

Figure 12 Data Reduction Computer Program
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IFCTORCID BT .350.Y I0BAD=LOEBRI+1 :
IFCTOR I LT 22%.y JURAD=TUBAD+L ;
TY2=TV2+ (VUL I 1Y ee2) |
TRE=TRAZH+ (R ] ree2>
49 TR2=TD2+(DC ] ree2)
! TTIV=TTVY+TY
| TTR=TTR+TH
1 TTD=TTD+TD
ITO=ITO+I10OBRARD
x ITU=TTU+IUBRD
TTVYS=TTVY2+TVZ
TTR2=TTA2+TRA2
TTD2=TTD2+TI2
M=M+N
VAVE=TVY-sN
RAVE=TO~N
DAYR=TD N
YARY=(NeTY2-(TYeeZ I I " {Nei{N-1>)
VARQ=(NeTRA2—(TQ®e2 231/ (Ne{MN-1)2
VARD=(NeTD2—(TDhee2 ) D~ {NHeiN-1>} g
WRITECS 4 CONT «XLOTL «XLOTZ vy LHARGE i
WRITE(6+52 !
DO 50 I=1N i ‘
IF(l.ER.33.0R.1.EQ.0S.0R.1.EQ.97Y 3O TO 70
. B0 TO 80
b . 70 WRITEC(S+S)
- 80 CONTINMNUE
;3 50 WRITECS»E) IDCIY»TORCIN VUL ICID vCI Yo DCID
WRITE(S 7)Y VAVE sVARY yLURVE + VARG s DRAVWE s YRR » N« TUBRD » IOBAD
S0 7O 50
10 TYANG=TTY M
TIRAVYE=TTA M
TDRYe=TTD-M
VARTT=(MeTTTI2-<(TTTee2 2 ) - (Me(H-1)
YRARTVY=(MeTTYZ2-(TTVWeeZ ) )r (Mo (M-1D>
VARTA=(MeTTRZ2-(TTRe42 2 )" {Me M=) ))
VYARTD=(MeTTD2-(TTDee2 2> (Mo (M-1>)
WRITE(ARsB) TORVYRWRETEsTIRAVO +YRARTD sMs ITULITO
FORMART(FB. 0D
FORMATCUI3»A10-R10+A10.R10>

e Apeae e

o G A

b

Figure 12. (Con't) Data Reduction Computer Program i J

31




w

)

AN

N

FORMATCIZ a1 X oF A 0ol X oFS . (91 XoFS.0s1XsFS.0s1XsI3s1XsF4.0s
+2X I FD 01X eFS.091¥sFS5.02

FORMATCIHL 97 5104 s 17HCOMTRINER TYPE-  +R10./310%y
+17HCONTYRINER LOT-—  oH10aR1097 210Xy

HIPHCHAERGE TYPE —— AL DD

FOPMAT (/7 s 335 s IHEFFECTIVE 9.7 96 % 9 3HL ID o 4 s 6HLN_LABGE »

+EX s AHFLOW sy X y4HHOLE v~ s 1 X9 3HS AN s 1 X s 6HTORQUE 92X +5HYOLUME »
+57 amHOSCFM) 93X s 1ZHOIAMETER (INY /51X 959 C1HOY 57D

FORMAT (1% s [3 91X sFB .1 31X sF9.3+2C1XsF10.7)>

FORMATC o/ o172« 1FHSTRATISTICAL SUMMARY s4X s 4HMERM = 1 (1% »
+EHYARIAMIE s/~ o 1 X s 1 BHULLAGE YOLUME 535X sF10.4,5XsF11 .44/
+1X o 1IHFLOW (SCFM) «7XsF10.7s5MsF13.10s7s1 Xy

+14HHOLE SIZE (INDs4X9F10.7«SXsF13.10s 771 % 9HTOTAL. OF »
+172s20H CONTRINERS TESTED: +I32s14H UNDER TORGUED »
+923% s 13134 OVER TORGUED >

FORMATY 77731 XsSHTOTAL »~ s I1X s 19HSTATISTICAL SUMMARY sdX s SHHMERN
+3 10X «BHYARIFANCE s/ s 11 HFLOW (SCFM)> s 7XsF10.7sD9%XsF13.10y
+7 31X 14AHHOLE SIZE (IMN2 94X sF10.7 95X sF13.1 097 791Xy
+9HTOTAL OF 13,204 CONTAINERS TESTED: 132,
+14H IINDER TORQLUED s~ y33X¢13+134 OVYER TORQUED >

STOP

END

Figure 12. (Ccn't) Data Reduction Computer Program
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Table 1. Leakage and Ullage Volume Results -
M14A2 Container, M3 Charge

CONTRINER TYPE- Mi4RZ
CONTRIMER LOT-~ RAD-&7-627-197D

CHRRGE TYPE -- M3
EFFECTIVE
LID ULLASE FLOW HOLE
S/N TORGUE  YOLUME (SCFM> DIAMETER (IM>

hdaaad s g a2 22 o 2222222 UL 222 TR T TVY LEVYFIY FWWPPE W

1 351.0 5832.728 0.0000000 0.0000000
2 351.0 592.376 0000495 < OUN5465
3 351.0 H£13.843 0002055 0011305
4 351.0 212.657 0.0000000 0.0000000
5 351.0 508.411 - 00003931 0006216
6 351.0 S22.818 0.0000030 0.0000000
7 351.0 495.913 0000830 -3ao7i2e
11 351.0 529.728 . 0000887 0007182
9 250.0 506 .833 0000243 0007027
10 351.0 498.913 0000835 0006794
STRATISTICAL SUMMARY ME RN YAR IANCE
ULLAGE VOLUME 535 .5240 1873.79%
FLIN (SCFM) - 0000680 0000000038
HOLE SIZE <(IM) - 0085171 ~0000001495

TOTA. OF 10 CONTRIMERS TESTED: 0 UNDER TORMUED

9 OVER TORQUED
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Table 2.

COMTAINER TYPE-
CONTRINER LOT—

Leakage and Ullag
M14A2 Container,

M14RC

e Voiume Results -
M3 Charge

RPATL—GE-017-1971

CHARGE TYPE ~—— M3
EFFECTIVE
LID ULt AnE FLO% HOLE

TN TORGUE YOLUME CSCFM DIRMMETER <(IN>
00000000000000000000000000000000000000000000000000004
14 2606.0 S11.262 - J0ONEES 0006923

15 200.0 492 .609 0010718 0024804

16 250.0 4321.140 0001208 0008613

17 22%5.0 505.072 0000845 Q006782

18 240.0 282 .636 .0pao71e 0006418

19 130.0 518.156 . 0032086 0041815

20 Z209.0 4931.877 .0000323 .D006A78

21 300.0 527 .3950 -0003975 0015126

22 250.0 552 .30%5 L DONETI3 L0012797

23 150.0 547 .839 - 145594 .0350791

24 200.0 579.225 ~ 0000269 0007336

2% 150.0 SAD . 745 0001907 0010354

26 250.0 525.910 0000440 0064340

27 351.0 405 .684 LOD00ETS 0006274

28 240.7 536 .96 . 3005593 ~0017798

29 175.0 T30 ..305 05544138 0016117

30 175.0 549 .239 . (002298 L001120%

31 140.0 S41.831 0000307 0007110

32 210.0 564 .760 .0001418 . 0008742

33 351.0 543.403 L 000U 09 .0007219

34 230.0 B532.512 .0001337 . 0008621

13 225.0 476 .cc4 000119 .0008235
ZTATISTICAL SUMMARY MEN VAR TAMCE
ULLAGE YOLUME 513.3005 4154 .1465
FLOW (SCFM? . 0005652 LU0 QLL13786
HOLE SIZE <IN 0013399 .0000013770

TOTAL OF 22 CONTAINERS TESYEDS

s

0 UHLER TORGUED

o OWER TORMUIED

JR R
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Table 3.

Leakage and Ullage Valume Results -

PAE6 Container, MI88EIM Charge

CONTAINER TYPE- PR&O

CONTRINER LOT—

IND-77R—SA937 1 6H

e e it i e g ¢

} A ats -t

CHARGE TYPE -- MIS3ELIM
| EFFECTIVE
i LID ULLRGE FLOwW HOLE
N 3/M TORGUE  VOLUME (SCFM>  DIAMETER (IN>
i , PR S R W AR S S R Y VR R A Y T X S T O S S e Y
P
1 36 351.06 1383.%568 SNe01162 0208491
37 330.0 1382.4%6 9.00000060 0.0000000
38 351.0 137%.239 0.0000000 0.0000000
39 350.0 1137.862 0.0000000 0.0000000
40 340.0 1387.366 0.0000000¢ 0.0000000
41 351.0 1363.426 0.00006660 C€.0000000
{ 42 240.0 1434.176 .0001200 .0003540
43 350.0 1403.09% .0002357 .0011598
: 44 340.0 1377.000 0.0000000 0.0000000
' 45 350.0 1391.529 .0015138 0030453
i 46 351.0 1405.295 .0014112 .8029205
E 47 330.0 1345.783 .0001126 . 0008469
5 48 280.0 1370.573 0301147 0008375
: 49 340.0 1370.340 0.C000000 0.0000000
; S0 275.0 1365.231 0.0000000 0.0000000
i 51 258.0 1397.053 0001169 . 0008544
l 52 340.0 1386.990 0.0000090 0.0000000
; 53 325.0 1372.174 .0001148  .0008382
; 54 310.0 1358.615 0.0400006 0.0000000
b 35 350.0 1446.764 LO0N&7797 0054961
i 3
P
1 STATISTICRL SUMMARY ME AN YARIANCE
% ULLRSE VOLUME 1373.4772 365 9261
. FLIM (SCFMD .000S5318 0000023541
‘ § HOLE SYIZE <1 . 0009366 .D00n02S3I58
‘ i TOTAL OF 20 CONTRINERS TESTED: 0 WHDEF TORGUED
Por 4 OYER TORGUED
A
¥
Db
i
by
L 35
b
oy
o
|k
Y

e o M e oo, bl Pt
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Table 4. Leakage and Ullage Volume Results - | -

PA66 Container, M188E1 Charge

CANTAHIAER TYRE—~  FRAE
! COMTAIMER LOT-— RAI-29711-0F7E
CHRFEE TYFE == s1E2Ee1 .

EFFECTIWE
HILE
HIRMETER

LID L LHIaE
Lot TORGUE WO me

FLOu

VP CY R

PEEPPPE PP PPPLBPPIG 4L PP LD PRSP P LSS PP 20500904

S I

=7 00,0

L
.
.

DO
DU A 3
DOD&ERs0
non11ye
napl=o
LA

Qe s

L0 0EsTE
LH011V9
MEFERRIET B R
L OONEeE
by CHEITEOOGN
LO01E 09

S R R G HGNT RS
= O DO Dy DLV GO

G2,

SR Ry R

S LD 1as RIS T3
a7 L0001 NS
= Jnnitgs

(i)

»

14031

=3 =) ) i

R SR Y N K

O fa 1) {3 =

=}

TTATIETICHL

SLimmEREY

Coel sz
Ganl1yg
ooty

=7,

v U, DG
v L OONES S
5 L NN S nRE
- =1 D01 gEdg
i = L nonnnnn
’ o TN SE0R
; ) L0Ls =

N
AEERAEARREY

MERM

ULI-REE WOLHME 1272, 14510 JiEEE, A7 E

TCEM
ZE I

FLOw «
HOLE =1

o BB S

e e s =
o DRSS

't

Luanonnoozesed
Jnonaoneilt

L TOTAL OF &6 DOHTARTHERT TESTED: 2 UMDEF TORGUED
L 2 OVER TORGUET

B o TR SO T P

36




Table 5. Leakage and Ullage Volume Results -
PA66 Container, MI88E1 Charge

| CONTRINER TYPE~ PHRAG
8 COMTRINER LOT-— IND-77RA-353716H
| CHARGE TYPE -— M133E1
i
\

EFFECTIVE

L LID  ULLAGE FLOW HOLE
t 7N TORGUE WOLUME (ICFM>  DIAMETER 1M
000000000000000-00000“00000000000#00000 e S 2 S 22 2 2
\ 76 150.0 1329.33%5  0.0000000  d.ahbontn
o 27 240.0 1873.045 00000000 9 ppGng
; 78 22%.0 1395.003 0013974 RESEA
' 7% 175.0 1357%.17¢ L0113 000396
3 TTATISTICAL SUMMPRY MEPH WAN LANTE
!
| ULLAGE YOULUME L3769 1451 . 4354
FLOW (SCFMD LLE 2=eato LD ONRNENEE
; MOLE SIZE C(IN2 LQ0NPETS LODOHD2 IR

L TOTAL OF 4 CONTRINERS TESTED: & UNMER TORED
' 0 GWER TORGLET

12
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! 103
; 104
' 103
108

107

108

109

118

1112

112

113

. 114

; ! 115
! ¢ 115
117

‘ 118
! 119
120
121
122
{ 123
124
12%
12%

128

Table 6. Leakage and Ullage Volume Results -
M13A2 Container, MAA2 Charge

CONTAINER TYPE~ M13
CONTRINER LOT-- C©CIL-673=7
CHARGE TYPE - MaR

EFFECTIVE
LID LLLAGE FLOW HOLE

N TORQLE  YOLUME CICFMY DIFAMETER ¢ IN>
$PEL004000000000000000000000000000000 000

3.0 372 .43 ~ON4399 Q015536
185.¢ 200087 0.00000600 0. 0000000
229.0 392 .03¢ 0016058 L3852
140.0 334 792 SR 029 <01t 0EA
140 .4 473 .43 COD0AGNT D545
130,90 321,545 MUHRE LRt LA1HR4]
130.0 373,294 Qoozans L0131
175.0 Fe9 39S o BT CIGT419
240,40 472 .72 ~00U27TES SH0ITHR
1900 472 .85710 LURgIZr0 OIS
300,40 304,393 LDDGEDRT L0832
130.0 e 273 OO G TS By EX
325.¢ AT 995 COOnz2Eg <1433
210.0 344 .60 I T S DORERE
csy. 0 $50,9R7 ~004151 L6227
290.0 T2..5%0 LHE0EeR2 < BDORSTE
196.0 =7.207 LO0NZ298 D199
220.0 . 455 3oy LAES24 SO00993
200,090 451 .772 TR B=3=Y) San1roas
2254 443,173 It Taar L0z OTan
tog.a 427 278 IRITIYERS BTN TRl T R
15G.40 472,260 CNZTFTE L0013123
S30.0 oK T3 VIR P » ROEST
caa.0 430,15 OS2 00 AGItles
o2, 374320 SO TS 144473
2440, 0 422,511 UERL S | T LRy ]
130,40 235 .471 SO 1ge2 SRSy
280.40 505,270 Ot aR2 g 2076 Ns
240.0 454 337 IS | L0199
120.0 454 379 D02 E39 L2 nacs
351.0 473,139 00082307 .01 3466
110.4a 478,404 R Y1 LI E0572

e d sl 2 2 2 Y ¥

- e

P
e e e e
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i Table 6. (Con't) Leakage and Ullage Volume Results
i M13A2 Container, M4A2 Charge
\

;\ EFFECTIVE
L\ LID LLLAGE FLOW HOLE
\ = N TORGUE YOLUME CICFMD DIAMETER (IN?
- 00000000000000000000000*00000000000000000#0000000000
|
‘% 135 290.0 475 .654 L0199 .avitdes
! 136 27%.0 475,930 LNON1S93 L0016292
% 137 230.0  455.870 L00N3323 D015268
1 138 3I3I0.0 454.714 0001944 Lni11408
| 129 250.0 459,601 LOON2n9E N13229
; 140 125.0 470.19% .0004328 LON1Rdn
141 180.Q  4339.317 LDROISTH LD014528
142 190.0 452 .544 M D E .on12232
143 225.0  472.991 D003 AR L0013
144 180.0 487.655 LONNE3S73 0014875
145 1350.0  299.212 L000200% L0011 0993
146 210.0 455,207 D01 PREA 0254519
147 150.0 425.179 RDET 1= LODN12477
. 148 200.0 434,072 LON0230R L0M3TTR2
! 9 200.0 449 450 L0009 0013961
: 150 225.0  441.34% L0001477 L0 an22
! 151 1S0.0  402.38% LQO02734 L0013218
1 152 100.0 473,344 .DN0833S L1013099
: 153 251.0 403,897 LOunz028 011312
154 3S50.0  $4£1.3851 L00NZT0S 0013073
| 155 120.0 460,594 L0004241 016331
: 156 250.0  475.337 L0199 0013119
; 157 225.0 4795.53% L0002 395 LN0L2RRE
| 153 150.0 442,039 LDONETS( .0n1542¢
‘ 153 .0 $4£9.545 001965 L0011 085
; 60 o .. 445 .2385 L00u2239 .0ni218s
\ 161 351.0 454,029 L0003039 LOTLATAR
| 162 240.0 485 367 LOH03994 0015754
\ 163 225.0  457.0473 DLESDE LOR1STS!
| 164 16°.0  477.393 LO0NNS193 LN01R156
% 165 17 47%5.914 LRR02S54 L0n1S144
‘ i 166 2 -.u 447,004 L 0DE992 Lan14132
* {
e
¥
1
b
| i
B 3 |
! i




Table 6. (Con't) Leakage and Ullage Volume Results

M13A2 Container, M4A2 Charge

EFFECTIVE
LID L FE FLOW HOLE
TN TORQLE  MVOLLNME VECFEMD DIRMETER <IN2
o000000000¢¢000000000000000000000000090¢@0000000¢0000

[ S P

—

— .
=] Jv T T
L090 =)

- -
A St e ) T e D

=g =~ =d = =

o =

H».—;p.—n.—.p—ag_ﬁ.—sy—n»p

175.10
3591 .0
351 .0
351.0
172.0
229.10
150.0
250.0
E1LLINY
240.0
230.0
2259.0

4010 .145
46 .20
454 .629
4519 .593

LOOn3351
LN 2987
L0190z

.....

0001943
Lnadna
LROOINES
L00R2520
000353

ITIE TRt

L019e18
AN 3439
011231
L1233
LA0130F2
LO010717
001eAnl
L0N14045
LN012929
L2014792
L0016258
L0015560

| 79 350,90 4£5 957 a0z v2y 012933
} 20 120.0 J4r 409 LD LA0137TES
! 21 290.0 349,313 < OfENT L0123510
! 32 =000 I35 .1490 0001611 Lontpely
, a3 175.0 454 . 795 OGO L LUNLSTRn
24 291.90 323 143 LONOET23 LONI4ER0

135 350.0 16 ..995 LDRNA2ER L001e316

j 18 2830.0 421 .161 BTN B B 0011447
; 137 180.0 295,071 L1723 L0107
i 1as 150040 375 . 5Tn LDO0ZIRR .L0nt2421
' 129 Z10.0 430 .401 . O00E9R0 ~O013299
: 1206 2600 45z 034 LO0H02824 L0130
5 1921 230.0 37 .32 Lonnzn4l LON1258%9
1 193¢ 2a%.0 den, U L BRE30N LQu1ees2
\ 133 300,10 446 A3 L0265 L0121V
| 194 190.0 S S0 TR X ey L0170
! 195 290.0 G457 . 003 Lonnzesa L0014132
‘ 19 130.0 479,071 LONazeTe L1 3054
137 240,40 FEd LS00 LODN1IS2Es L0 0aRes

* 19g  220.0 47 009 DOgSa29s OGS EI T

. A

A o ffﬂ, :‘ R L
W e Rk 3‘_,! TR T
R s PTINC

¥ ta oy
ra

40

e oy

- P S Uy SRy S




Table 6. (Con't) Leakage and Ullage Volume Results
M13A2 Container, MAA2 Charge
L
o
&i EFFECTIVE
: LID ULLAGE FLOb NOLE
RN 2SN TORRUE wOLUME CSCFMD DIRMETER (IR
' 00000000000‘0000000‘000000000000000000000000-&00000 L 2 2 )
129 220.0 372 .48¢2 L000ISS8 LR15289
200 250,40 13231 .126 Ul MITOY T I
201 I00.0Q 414 . 357 L LanNeT2l
102 150.0 4321 821 ey <1 34RT :
ITATISYICAL SUMMARY MERM VAR IRHCE E
ULLRABE VOLUME 452 ,.7128 1532 .0223
FLOW (SCFm> M UTE T o] L00GDRI3L IR
HOLE SIZE <IN L0011 47RS L0000 RS34

TOTAL OF 100 CONTRINERS TESTEB: 4o LninEs TOROUED

FOWER TORGUET

. P e . .

R U,
\
e




Table 7. Leakage and Ullage Volume Results -

M18A2 Container, M1 Charge

CONTAINER TYPE- M1ISRZ
CONTRINER LOT-— BrRI}-a7778-0F1970
CHRRBE TYPE —-- M1

EFFECTIVE
! LID ULLAGE FLOw HOLE
. 3N TORGLE  YOLUME CSCFM>  DIRMETER <IN
! h 0000‘00000000000““00000000000000000000“000“00000
202 17%.0 626.286 .0000S24 00050583
204 160.0  444.757 0000744 Q007095
205 0.0 S3S.574 0.0000000 0.0008000
206 200,00 m99.731 0000502 000599
EN7 200.0  S04.175 0.0000000 ©.0000000
208 120.0 S74.823  .0000481 . 0005629
209 210.0  S9T.37S 0.0000000  0.0000000
210 120.0 ES06.329  0.0090000 0.0000000
211 180.0 S92.312  .00004A9& Q005579
212 180.0 S99.052 0.0000000 Q.0000000
213 230.0 522.556 0001465 0009516
: Z14 170.0 510,923 0000511 L0005A00
; 215 200.0  £12.278  0.0000%08  0.0900000
! 216 130.0 S91.,390  0.0000000 0.0000000
\ 217 140.0 521.871 0.0000000 0.0000G00
218 175.0 B33.135 (0001564 0003521
219 190.0 BD9.67E  0.00UEN0C0  0.Q0A0NDD
220 160,00  S37,931  0.0000000 0.0000000
; 221 160.0 ©01.,312 .0001007  .00N07944
' 222 190.0 S02.666  0.00 0000 00000000
i 222 190.0 R22.952 ,0001043 Q007710
| 224 120.0 3,532 0000930 0005922
\ 228% 230,10 S992.8%0 0000502 0005499
' 226 180.0 SB19.8%2 _Qe00S19  .R00SA39
i 227 AN SA1.3ITE L 000093 _DO0T449
j 228 18B0.0 S84 .377 .Q0D09TR 0007743
' 229 150.0 FEH TR LRANR3IS3 LO003741
‘ 230 Z00.0 STS.802 0001446 L p009S22
{ 231 160.0 BI0.343  _0000S27 Q005915
, 23T 160.0  S05,190 L 000GS0T LOOESSES]3
232 150.0 SITT.4IE 0 L0000S93 L 0007SS4
234 1S0.0 472.326  LON00I9E L0049
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Table 7. (Con't) Leakage and Ullage Volume Results -
M18A2 Container, M1 Charge

: EFFECTIVE
- LID DLLRGE FLOW HOLE
‘! T/N TORQUE VDOLUME CIOFMY  DIAMETER CINY

00“0.0000“000000000000“000000000000000000000000004

239 160.6 a11.054 L1023 -C0090320
. 23R 170.0 SN2.516  0,.0000000  0.0000000
) 237 140.0 S8 . 724 LO001019 < 1003055
238 240.0 &17.817 LAGN0R17 LOROSTAR
233 200.0 592,295 LOoanant . Q005737
240 140.0 &18.9527 LORnUae L AROS7 RS
“41 130.0 550.445 TUIT TS L D0D9445%
o4 230.0 559,515 L0493 .000S7 01
42 200.90 597 .293 L0001 000 L0ER109
| 44 175.0 509,373 LJuornza LSt R
45 190.0 597 6327 LD 000 LO00S147
c4e  210.0 532.091 NID04SS LD0NSTI3
247 200.0 04 .269 L QUO0S RS LRONSTHR7
248 190.0 E20.399  0.0000000 LU0enN0
49 180,10 &12.254 LOO0 0513 ~R0RS242
} 250 100.0 aiv7.931 . 0009157 L 024500
s 251 150.0 nal..332 LORAOS2 4 L0061 03
f 20z 150.0 &20.398 .0000928 0005225
!
; STRATISTICAL SUMMERY MERN VHDIfNEE
|
: LULLFE YOLUME Y3, 33472 1771.:261
FLOW (SCFM» QU070 LOAGRADNOLIET
HOLE SIZE <(IM> L IROS2R0 LOOHRNDYTe9
TOTAL OF SN0 CONTAINERS TESTED: 48 LnLER TORQUED

0 OVER TOFGUED

-
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Table 8. Leakage and Ullage Volume Results -

M18A2 Container, M2 Charge

| CONTRINER TYPE- M19
'\ COMTRINER LOT-— BAJ

1

|

|

rU

6'1’8 OF 1970

; CHAEGE TYPE - M2
=
’ EFFECTIVE
LID  UL.ABE FLOW HOLE

TSN TORQLE VDOLUME CSCFMD DIRMETER CIN>
PPEVLLIVPLE 000000002022 PPPLL2200P 004000000000

293 35t.0 577 ..452 LON00ag3 T )
2594 391.0 S92.0931 LO000991 00081973
25% 251.0 S5 .568 D00 Nas L ARC7P83S
25¢ 3%1.0 517 .079 LO0GINSTR 00279
257 3291.0 avE .92 LU000479 L005et12
288 351.0 SA9.,233 2.Q000000  0.0000000
259 3I51.0 S4N.628 LONDB04S2 0005437
! 260 3B1.0 S25.933 A0 D443 LD00R1 09
28t F21.U0 Saz.111 L0N004958 0005751
Sng 2000 w132.011 LOEN1 088 SRYRIRTI=S § 212
253 290.10 422,505 LON0F19 LDOLRRTT
cnd  391.0 326 .36R 0000322 LN
26% 3%1.0 S5 .54% DT ) L00074%2
ek 3951.0 421 .417 U D LN0aRZ0
2?7  2391.0 407 654 0000241 -DO04F16
ZRE 391.0 472.17% DR LQ0OSNAT
o9 251.0 534 526 MO LDE Rt L HO0STR1
270 2|0 575.17% TR AY £ L ~OUGE 027
271 351.0 10,809 L0001 022 L0nas132
27e  220.0 B32.7 0 010935 LIS TRRI
272 3%91.0 g .529 LIO0GA0O 0.0000000
274 2I[0.0 404 120 LOE0Nn3IIY 0004739
2F¥S  351.0 S57.311 INIINEET ) LO003170
&ve  3A91.0 2 L325 LO00IN3ITS LHI0E1238
277 220.0 s 039 L ONSNY LO00S TR
&7’ 3I91.0 545,935 MR = Q0077
279 3I91.0 Ald D43 Looo10t L0031 45
&30 3IS1.0 S0 .39% S CRRAR D TR ) Lonpssoagz
=21 351,40 531 .34008 SRODU93D LNongeve
282 351.0 513,087 LO000NSL8 LO0S3R5
233 3%1.0 45 104 LOUONT?R LN007T143
2234 391.0 n14.331 L0301 1028 0002156
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Table 8. (Con't) Leakage and Ullage Vnlume Results -
Mi8A2 Container, M2 Charge

EFFECTIVE
LID LLLASE FiLOw HOLE
N TORQUE VYOLUME CECFMD DIAKETER (1IN}
0000000000000 0000 000000000000 PPL0E0 0000000000004

. 285 351.0 421.157 . 0900352 . 0004507
bt 286 351.0 4321.075 0000721 .0DUETI0
287 300.0  325.079S 0NN 0E4H .000651%
288 340.0 335,079 .0onoz22 .0004520
289 351.0 444 .905 .00p0av2 . 0 D04245
290 351.0 437.551 .0eeav32 .0006935
29+ 3I51.0 359.610 .0000301 . 0004426
292 351.0 H11.022 0601023 L0601 03
293 351.0 444 .745 .0800372 . 0004851
[ 294 2351.0 3I98.594 0006300 0604410
295 340.0 397.28t .0non2a32 0008545
296 351.0  346.031 . 0000579 .000E162
297 3%1.0 404.471 .00B101% LQU03119
298 351.0 415,597 . 0000596 .Q0057 06
299 351.0 2358.963 .0000325 . 0004555
300 3IT1.0 274.447 .0000313 .0004461
i
' STRATISTICAL SUMMARY MEAN VAR IANCE
ULLAGE VOLUME 505.51 0% 91396 .0516
FLOW <{SCFM) . 002856 L0R00024425
: HOLE SIZE <IM> 0007719 .00000] 4238

! TOTAL OF 43 CONTRINERS TESTED: 2 UNDER TORQUED
40 OVER TORGQUED
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Table 9. Leakage and Ullage Volume Results -
M19A1 Contairer M2 Charge

|

‘ CONTAINER TYPE- MI9R1
o CORTRINER LOT-— IA-BR-35729-54

1 CHAFBE TYPE — M2

I

|

EFFECTIVE
LID L L ALE FLOow HOLE

TN TORGLE  YOLUME CSCFMD DIAMETER <(IM
PR YT YN SR NN 22 Y r A 2 aa 2 2 22 el ad l g D )
| =01 351.0 345 030 i a2 0006112
292 391.0 443,506 0000371 i el
202 290.0 Bo2 .69 0001564 .0010182
304 200.0 =30 .939 L0anRy3as 0022038
205 260.0 =13.567 .00n2054 .0011487
206 130.0 8517.935 0002052 0011686
307 250.0 726 .179 0001833 L00107°33
302 230.0 740 .49% LQpUz479 0012676
209 220.0 272723 00014501 000959}
=10 300.0 2323.034 LonnaIzl - 1738
311 226.0 244 .935 0.0000000 O.00000000
F12 Zed.0 B3I . 341 - 0RNZeE4 0013442
213 3%0.0 BR3 .35 LNR0E73 0007124
14 200.0 292 .18%5 LUMN2TaY L0013435
315 100.0 104 .370 0226784 0122757
316 27HR.0 =128 W 151~ 0i216e 01011568
217 100,90 571 .260 -0G168S -001048%5
218 203.0 47 354 .Nua3l27y LQ014394
219 300.0 VSR .047 T 11~3 ] .0018131
26 275.0 S23.706 . 03387 L001593)
321 300.0 TH2.167 0661763 00106553
I2e 30,0 T35 .36 . QOS9533 . 0063496
223 290.0 7eR.151 <OBOTFINT LO015555
324 251.0 253 431 02907 . 0013949
225 2140.0 IR L2 Lonoziee L0019
326 geo.0 217.508 0003071 0013401
327 150.0 23T 374 MG UCRE U 00155038
328 272.0 651 .40 0QU2767 0012981
229 2%90.10 TR 506 T (o] ) .0013w30
330 240.0 H3E .457 -00R106%5 3003201
231 200.0 £39 .339 0001722 0010539
232  150.0 a2 JD44 0002152 .00G11680




R e EESERAREN ZEhen e

| LID  ULLAGE FLOW
,} S/N TORE YOLUME CSCFMD
-
i
B 333 275.0 6£91.725 .0002315
5 334 180.0 £49.592  .0000544
i 335 200.¢ 614.225 .0C00S14
- 336 240.0 918.000 .0001536
I 337 260.0 929.669  .0002334
| 338 300.0 715.080 .0O0D1795
339 3200.0 903.429 .0003786
340 230.0 S95.968  .0002249
341 351.0 915.039  .0003063
342 300.0 £49.833 .0001422
343 220.0 893.532 0001496
344 250.0 £93.144 0001495
345 300.0 855.973 .0000716
346 260.0 896.836 .0002251
347 300.0 839.587  .0000703
348 230.0 §78.431  .0002205
349 351.0 910.332 .0009142
; 3%0 310.0 S858.415 0001437
; 351 230.0 649.83%  .000217%
302 260.0 S86.654 .0002968
[
]
. STRTISTICAL SUMMARY ME AN
? ULLRGE VIR UME 774.7049
vl FLOW (SCFM) .0007733
L HOLE SIZE C(INY 0014858

i Table 9. (Con‘t) lLeakage and Ullage Volume Results -

M19A1 Container M2 Charge

TOTAL OF 352 CUONTRIMNERS TESTED:

A7

EFFECTIVE
HOLE
DIAMETER <CIM>

e aaan g L s o e a el oot e s Ll sl ot o a2 LS Lo L 2 o ]

0013910
- 000534
- 00056563
.0010426
0012568
0010661
0015719
- 2012151
0014057
-0009718
- 0009391
0009540
-0006376
-D012410
- 0006365
0012272
Q024737
= 0009887
.0011606
00135631

.

VAR IAMCE

17558 .6690
.C0001 02208
-00000300N83

15 UMDER TORRUEL
S OWER TORGLUED

e ot naiR

5
#
W

P e o p

i walE - N ﬁ’t&
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Table 10. Combined Results for the MI4A2 Container

with M3 Charge
COMTARIMER TYFE-  MI4AZ
COMTAIMER LOT--  COMEIMNED

LID
L Zet TORGLE

o
1

CHHRGE TYRE

L RE
YOLLrE

-—= Mz

ISA AN
DO I =

GOGIaes

LGN

EFFECTIVE .
HOLE

DIAMETER CIMY

L2 2222222222222 22 2 222 22X S22 2 A2 222 222 adl g

i
y
}5 1 251, 0 IR e DL
| ¢ 2ol - HOURATE OnOSaEs
% = wE1. 0 . ) P ITIR D S )
Loy 4 IS, 1] u,uuuhnuu
: S 51,0 . R
i £ 251,00 1] D.HhHHIHH
‘ P b R 1 . .nuu.1_k
11 251,10 LN s
9 ES0, 10 L RN ) s |
1o 351,40 N L ONNETIG '
14 20,0 .uunr.,_ . I i
15 20000 NS W . [
1& 250,10 .UUUI'ZD . i
v S0 . ~ .U”“hu
1z S0, 0 1 . VIS
: 13 120,00 o . .ﬂﬂ41:1”
g VI AN * . . {
: =g SO, X . .UUl-
' ZE =T, 5 . hiyr e
&
I

fuul
]
P R LI
-
v
-
pey

e e Tot e
$onn

LDOneddn

e 1 T30k x

: c L o OO G 7 . !
i = i 3 L OOnESy . P
EX] 7S s . .
: 00 1750 IS . 4z .
E 21 1400 S B T T VY- (P
Z wp E Sed, PES L 0G4l
, S, 40 REETTERIE-1 (- .
! ShE . S E LOnGL AT . : |
: 4TEL SRS LONRT1RE § 1
2 7 TTATISTLICHL  TLIMEARY ME R WHETAMCE l
ULLARE  %OLUME S0, BETE 4777154 |
| FLOW CECFMD NERR R LALCODnYEns ;
. HIT_E ATFE 1M L EET LU0 RS :
| TOTAL. OF 32 COMTRIMERS TEITED: 10 UMDER TORGUED {
' 11 OWER TORIED )
| 43
' 3
!




Table 11. Combined Results for the PA66 Container
with M188E1 Charge

|

|

i . COMTRIMER TYFE-  FARE

l COMTAHIMER LOT-- COMEINMED
\ CHYRGE TYEE  --  M1SSEL

i EFFECTIVE

:\ LID ULLAsE FLow HOL &

L oM TOROLE OLUME CECEMY DiAMETER  CIHMY
i PLLGEIAEPLINSB B2 PBSLPECPPS 4244008004400

|
- S 1es3, R
‘ i s7 L7, LD00L1dE
? =g 1404, LS
Do =3 1400, 5 L0001 LTE
{ £ taze, P L0001E0
i &1 Tasz, 903 0, 00000050
' L1 1454, 737 L RONEAES
oz 129%, 021 RN T 35
e 1405,.51= e G000 G OO0 o0
: ] 13953, 53 SN EEE LO0iEL0s
; B 1427, 772 R N
} T 12e4, Fas D00 05SE CGE0GD
? £z 1364, 5321 Lni1gs L DRSS
; £ T30S, 346 L0001 0EE i
| Fi 140z, 112 LSO ve
' 71 1339, 245 SOt Tl
Z ae 1419, CODDEETE
: 3 115
! 74
Coe S5 CONe
1 § 20 L0l
[ =1 : 0. CO00ON0 O, Q0
f £ 2 0L L O0ELETY ,
) Pl 2 5 R '
- é =4 13 L Ay s
S ) 123 az O GO0 -
Lo TE 1389, 335 G 0OaEanann T
f P 1E7 2. 045 e OFHEOO10 i
;i 7 1355, 003 0 SETY 3D 0 5
5 TS 135%.176 Lol LSS SE '

| STATISTICAL SUMMARY ME A AR TAMCE

ULLARE wWOLUME 1371.4110 E?EP.#%?@um 3
FLON CECFEMY L QDS 9ST L DD nne S

HOLE =IZE 1M  DO0NSET LOOOON0EY 26

s
T T SN

ATAL GF L300 COMTSIMERE TELTEDS 4 LUNLER TORGUETD
e ’ 2 QvER TORQLETD
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Lid Re-Torque

COMTRIHER TYRE=-  FHES
| CONTRINER LOT—-  IND-7
| CHARGE TYFE —--  HM13ZE

LILD ULLARE FLOW
oM TORDUE  WOLUME CECFEMS

. A5 INO, 0 133,259 LDO0E31E
L SE 20,0 131E,8325 O.oooDong
i i 200, 0 1338 ,.224 0, OO
e SO0, 0 1351.23183 LJononii11d
Rl 200,00 1314, 929 oL 0o oann
2] apn, 0 tL41,27 2 0, OO0
31 00,0 132E.215 Lot
9z ann, 1430,15= e DOO00
| 9T 300,00 12%.o0s8 YRS
} a4 300,00 1257.1321 0, 0onann
S5 200,00 133,741
@5 200,00 1350327
A7 306,00 1EEs.es
S SN, 133E,. 255
93 200,00 131801610 ooy nss
: tof 00,0 1335, 359 LI0GEEeE
101 SN, 0 13 '1Fﬁ O, 0

ZTATLIZTICAL ELHMRRTY MERM

P LLLEIGE WOLUME 1240, 4737
' FLOW cZ0FMD L 0001381
: HUOLE 2IZE 1M COOOs1GE

TATAL OF 17 CONMTHINERT TEZTED:

P

|
i
i Table 12. Results of Container Testing Atter
i
(

FR-SEOT1E,

i
EFFECTIVE

HOLE .
DIAMETER <IM:

soe 00000“‘090000000000600000‘000*900“000000000000‘000 *$-

SOoig1os
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L nnszEaE
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159152083
o DU S DE

1 UHGER TORDUED
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tag, and when opened was found to contain only a partial charge. In

order to maintain uniformity in the test population, this container
was omitted from further testing.

Table 13 presents the results of the determination of leakage hole
size for the various container/charge configurations and the overall
results. As can be seen, the largest mean effective leakage hole size

Lr any container/charge configuration does not exceed 1.5 mils while

the mean effective leakage hole size for the total population of 349
containers does not exceed 1.2 mils.

Based upon the work of Somervﬂ]e4 as reported by Natre]]as, we
can determine the largest value of a selected parameter for a desired
confidence level such that a known percentage of the population can be
said to lie below that maximum value. Applying this procedure to the
effective leakage hole size and utilizing table A-31 of Reference 4 we
obtain the results presented in Table 14.

This relates the leakage hole size to the confidence of finding
the stated population percentage below (less than) that hole size.
For example, we can state that we have a 90% confidence that 95% of all

hole sizes in any test population will be less than 0.003079 inches
in diameter.

Automated Load and Pack (LAP) Line Test Equipment
Requirements

Equipment destined to be utilized on automated lcad and pack as-
sembly lines must be capable of detecting leakage rates that are in-
dicative of unacceptable containers. In order to accomplish this goal,
the pressure transducer used must have sufficient resolution to be able
to detect the pressure decay due to leakage over and above that caused
by adiabatic cooling for any container size and ullage volume.

Using the results of Table 14 in _onjunction with Figures 4 and 5,
we can determine the leakage factors for anw population percentage,
confidence level, and test pressure. Dividing the leakage factors by
the container ullage volume would then result in the minimum transducer
resolution needed for the selected test conditions. Table 15 presents
the minimum transducer resolutions needed for a given population
percentage, confidence level and test pressure, and are based upon the
largest ullage volume as determined by the loaded container testing.
The resolutions given in the table must be multiplied by the pressure
test time in order to arrive at the true resolution needed.

The use of Table 15 can best be shown by the following example:

Problem: We wish to have a 95% confidence that 95% of all containers
have Teakage holes less than or equal to 0.0031 inches. We

51




Table 13. Summary of Loaded Container Test Results

e

Mean Effective

i i Container Charge Leakage Hole Size i

, 3R MaA2 0.0014785

| M14A2 M3 0.0010827 ‘
M18A2 M1 0.0005296
M18A2 M2 0.0007719 |

.1 M19A1 M2 0.0014858 |

| PAGG M188E1 0.0009587

. | PA6G M188ETM 0.0009366 |

| | pace* M188E] 0.0005103 |

1 | |

| Total Summary 0.0011168

Total of 351 Containers Tested:
126 Under Torqued

| 69 Over Torqued

| 17 Zero Lid Torque*

2 Omitted From Testing

* Re-Torqued then tested
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expect the container pressure test to last 5 seconds and the
initial container pressure to be 3.0 psig.

Solution: From Table 14 we see that the leakage hole size was chosen
consistent with the confidence level and population percentage.

Entering Table 15 with these values we see that for a test
pressure of 3.0 psig, the needed transducer resolution is
0.00529 PSI/SEC. Multiplying this by the container test
time of 5 seconds yields the minimumn transducer resolution
of 0.026 PST. Therefore in order to conduct a leakage test
under the given conditions, we must select a transducer
capabie of resolving pressure levels to at least 0.026 PSI.

Availability

Although it is known that several commercial firms such as Uson,
Inc., and Himmelstein & Co. manufacture total systems for the determination
of pressure decay in closed containers, the vast majority of leakage
test equipment manufactured is of the halogen or helium "sniffer" type

which does not lend itself to employment on a high speed automated LAP
line.

With the advent of microprocessor control systems and their ap-
plication to LAP lines, it is felt that the measurements and calculations
needed for leakage rate determination can be best accompiished by uti-
1iziny these systems instead of employing a discrete test system. Al
accept/reject criteria would then reside in the centrail processor read-
only memory (ROM) and the processor itself would accomplish all the
necessary computations based upon a pre-stored subprogram and the data
it receives from the remote pressure transducer.

The availability of equipment therefor: reduces to the availabil-
ity of pressure transducers with adaquate sensitivity/resolution to
measure the unit time pressure decays as given by Table 15. The appendix
presents a short Tist of manufacturers that produce pressure transducers
with sufficient accuracy to be employed on LAP lines. It should be
noted that this list is by no means exhaustive and that the final
choice of equipment/suppliers will depend upon the specific application,

the availability of the equipment, and its compatibiiity with the other
LAP line equipment.
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—— ..

CONCLUSTONS AND RECOMMENDATIONS

As a result of the efforts documented by this report, the follow-
ing conclusions have been reached:

1. An adejuate theory exists that relates effective leakage
hole size to the observed pressure decay in the container
and the container ullage volume.

2. Laboratory testing has shown a good correlation between
theoretical and empirical results.

3. A maximum container test pressure has been established that
is typically iess than 34.5 kPa (5.0 PSIG).

4. As a result of a series of tests conducted with loaded pro-
pellant containers, a mean ullage volume has been established
for each container/charge combination considered. Variations
in container ullage volume, as measured, typically run
between 3% and 19% of this mean value.

5. Applying the developed theory tn the resulis of the loaded
container tests has shown that the effective ieakage nole
size for all the containers tested is on tne order of 25
micrometers (0.001 inch),

As a result of this effort and the previous work in this areaz,
the leakage characteristics of propellant containers have been suffi-

ciently determined and nc further effort should be required in this
area.

5 Due to the large number of manufacturers producing pressure

transducers and the variety of sensing means employed in the transducers,
no single manufacturer/transducer type can be recommended. Selection
of an appropriate transducer will depend upon parameters fixed by the

E LAP line design, such as available test time as established by the line

production rate, and the decision to employ centralized or discrete
test decision logic circuits.
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APPENDIX

Selected Transducer» Manufacturers

Beacon, Inc.

Bell & Howell Co. - CEC Instruments Div
Condec Corp/Consolidated
Datametrics, Inc.

Foxboro Co./ICT, Inc.
Genisco Technology Corp.
Himmelstein & Co.
Honeywell, Inc.

Lynch Corp/Cox Instruments
Robinson - Halpern Co.
Rosemount, Inc.

Schaevitz Engineering
Sensotec, Inc.

Setra Systems, Inc.

Sybron Corp/Taylor

Systron - Donner Corp.
Viatran Corp.
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